Abstract
Introduction

10
Currents are a critical part of any magnetised plasma environment, with 11 current sheets separating different plasma regimes through magnetic field shears 12 and current sheets, and line currents transporting energy along magnetic field- estimate of the current density. Robert et al. (1998) showed that there was no 37 one-to-one correlation between the relative error in the current density, △j/j, 38 and |∇ · B/∇ × B| although statistically the two were similar.
39
The curlometer technique has been used to investigate physical processes in 40 the magnetosphere using data from the Cluster spacecraft. At a system level, sheet (e.g. Runov et al., 2003 Runov et al., , 2005 Runov et al., , 2006 . Dynamical features such as flux 44 transfer events (Phan et al., 2004) and bursty bulk flows (Forsyth et as the accuracy of the estimates of j is dependent on both the shape of the 60 spacecraft tetrahedron and the configuration of the magnetic field. type current sheet (Harris, 1962) in order to determine an appropriate limit for 63 |∇ · B/∇ × B| below which the currents returned by the curlometer are valid.
64
They showed that, for the Harris-type current sheets, |∇ · B/∇ × B| and △j/j 65 did not vary linearly with changing scale sizes of the current sheet, although 66 both decreased with increasing scale size. |∇ · B/∇ × B| appeared to tend 67 towards 0.28 for current systems larger than the spacecraft tetrahedron.
68
As previous studies are concerned with planar currents, this study concen- 
Model set up
82
The current system employed in this study is an infinitely long current system with a current density distribution of j in (r) = j 0 e −r 2 /σ 2ẑ where σ is a constant which we refer to as the width of the current system. The magnetic field from this current system is then given by
where K = µ 0 πj 0 /2πr. The form of this current system and the associated 83 magnetic field magnitude are shown in Fig. 1 
84
Given that previous studies have shown that irregular spacecraft tetrahedra
85
have an effect on the results of the curlometer, we distribute our test "spacecraft" this plane (see Fig. 2 ). As such, throughout this study the current direction is 88 always perpendicular to one plane of the spacecraft tetrahedron.
89
In order to examine the response of the curlometer technique to the model 90 input current, ∇× B and ∇·B were calculated using the curlometer for currents with the known input current, the current flowing through the spacecraft tetra-
95
hedron was also calculated for each location of the current system centre. Given 96 the form of the current, this is non-trivial. As a simplification, the current sys-97 tem was calculated in a 2-dimensional array with a resolution of 10 −3 σ × 10 −3 σ.
98
The current flowing through the tetrahedron was estimated by summing the 99 array elements that fall within the face of the tetrahedron perpendicular to the 100 input current. It should be noted that the vector sum of the areas of the faces 101 of the tetrahedron that are not perpendicular to the current is equivalent to the 102 vector area of the face that is perpendicular to the current. the current system passing through the tetrahedron, as described in Section 2.
142
Comparing Fig. 4 with Fig. 3 shows that the peaks in j in the vicinity of the 143 spacecraft are no longer present, replaced by local minima. This is because the 144 magnetic field tends to infinity close to the infinitely thin line current, whereas 145 the magnetic field is zero at the centre of a distributed current system (Eq. 1).
146
Panels (c) and (e) show that j/j in ≈ 0.6 within the tetrahedron and that there figures, suggesting that the pattern for |∇ · B/∇ × B| is scalable.
157
For currents centred outside the tetrahedron, the curlometer is able to es- 
Summary and Discussion
189
In the previous section we have shown that the results from the curlometer ones.
259
The majority of previous studies into the accuracy and response of the cur- an issue which we do not address in this paper.
297
Although the results presented are specific to the line currents tested, they
298
clearly show that in order to compare results from the curlometer across various 299 scale sizes one has to take into account the scale sizes being examined and the 300 location of the current system. This is clearly a non-trivial task. We suggest, 
324
The results presented here are specific to the line currents examined, al- 
